INTRODUCTION {#sec1-1}
============

Multiple sclerosis (MS) is an autoimmune disease of central nerves system (CNS), in which, neurological disabilities occur in young adults.\[[@ref1]--[@ref3]\] The all aspects of etiology and pathogenesis of MS have not been fully recognized.\[[@ref4][@ref5]\] However, a combination of environmental factors and genetics are responsible to MS prevalence world-wide.\[[@ref6]--[@ref8]\] Vitamin D deficiency as environmental factor is prevalent among MS patients. Conducted researches have been revealed that vitamin D deficiency is associated with increased risk of MS. More precisely, MS incidence is linked to vitamin D levels. Based on researches, in most industrialized countries, vitamin D insufficiency has been seen as an epidemic issue.\[[@ref9]--[@ref12]\]

In the past, the immune system was believed to be a chief actress in MS pathogenesis, but in recent studies MS has been considered as a both auto-inflammatory and vascular disease. The relation between vascular system and MS risk is strengthened by blood-brain barrier (BBB) disruption caused by functional changes in cerebral endothelial cells (CECs) and consequently, further formation of demyelinating lesions.\[[@ref13][@ref14]\] *In vitro* studies show that, at least in the earlier stages of MS, there are strong interactions between the CECs, CD8+ T-lympho-cytes, macrophages, chemokines, activated CD4+ T-lympho-cytes, and cytokines. The impairment in CECs function allows inflammatory cells trafficking across the BBB, which stimulate persistent of cascade of Th1 cytokine and chemokine inside the CNS environment. In some studies have been shown that 1,25-dihydroxyvitamin D3\[1,25(OH)~2~D3\] can be caused endothelial cells(EC) proliferation. Based on research, CEC abnormality is related to many neurological disorders and considered as basic mechanism for "vascular hypothesis of MS." CEC apoptosis may occur due to many stimuli\'s inductions.\[[@ref15]--[@ref23]\] Regarding the fact that, endothelial apoptosis is associated to many inflammatory and immune-mediated disorders, current study is the first investigation to elucidate positive influences of vitamin D against EC apoptosis in MS.

METHODS {#sec1-2}
=======

This research was performed in cytogenetic lab and neurology out-patient department of Al-Zahra hospital, Isfahan University of Medical Sciences between July 2010 and June 2011. In this study, all of the patients were agreed about the research and the Ethics Committee of the Isfahan University of Medical Sciences approved the study protocols. Also written informed consent was obtained from all study participants before inclusion in the study.

Patients {#sec2-1}
--------

Fifteen patients with MS were recruited from Isfahan MS society patients\[[@ref24]\] were defined as being in a clinical relapse with gadolinium-enhancing brain lesions on Magnetic Resonance Imaging (MRI) and in remission as being in a clinical remission and having no contrast-enhancing lesions on their brain. Fifteen healthy age and sexwith no history of any neurological symptoms appliedas the control group. After drawing of venous blood and centrifugation, serum aliquots were frozen at --80°C until analysis.

Cell culture {#sec2-2}
------------

Human umbilical vein endothelial cells (HUVECs) (National Cell Bank of Iran affiliated with the Pasteur Institute, Tehran, Iran) were cultured in endothelial basal medium supplemented with, gentamicin, amphotericin B, and 10% fetal calf serum until the thirdpassage before experiments was performed.

For evaluation effects of 1,25(OH)~2~D3 on HUVECs treated with sera of MS, we arranged different groups; in the first group, HUVECs were only treated by sera from MS for 24 h, in the second group HUVECs were treated by 10^-7^ M 1,25(OH)~2~D3\[[@ref23][@ref25]\] (dissolved in culture medium) for 24 h and then sera from MS was added to these cells for another 24 h. In the third group, HUVECs were exposed in the sera of MS for 24 h and then 10^--7^ M of 1,25(OH)~2~D3 was added to these cells for another 24 h. In the fourth group, HUVECs were treated by sera from healthy individuals for 24 h.

Apoptosis analysis {#sec2-3}
------------------

The rate of apoptosis in HUVECs was evaluated by MTS assay for cell viability and cell-death detection kit for apoptosis rate.In order to evaluate whether 1,25(OH)~2~D3 (Alborz Daru, Tehran, Iran) would overcome sera from MS patient-induced apoptosis in these cells, 10^-7^ M 1,25(OH)~2~D3\[[@ref23][@ref25]\] was administrated to HUVECs in treated groups and assessed by MTS assay. As an additional measure of apoptotic cell-death, we assessed the formation of histone-associated DNA fragments by the cell-death detection ELISA kit from Roche (Basel, Switzerland) 21 as previously mentioned or according to the manufacturer instruction.

Statistical analysis {#sec2-4}
--------------------

Data were analyzed by the SPSS (Version 18) and were expressed as mean ± SE (standard error).One way ANOVA followed by the Tukey\'s *post-hoc* test was used for data analysis. All experiments were repeated in three independent replicates. Differences between groups were considered as statistically significant at *P* \< 0.05.

RESULTS {#sec1-3}
=======

In order to evaluate whether 1,25(OH)~2~D3 would overcome apoptosis, which resulted from MS patient serum, 10^-7^ M 1,25(OH)~2~D3 was added to treated and trypsinized HUVECs 24 h before, and 10^-7^ M 1,25(OH)~2~D3 was added to trypsinized ECs before and after that treated by sera from MS patients. The MTS results showed that pre-administration of 10^-7^ M 1,25(OH)~2~D3 significantly increased more ECs surveillances ((mean ± SD) in (groups) control; 100 ± 00, in patients; 49.43 ± 9.20, in pre-treatment; 104.23 ± 12.83; and in post-treatment; 78.56 ± 6.77 (*P* ≤ 0.05)). Furthermore, the rate of apoptosis in different groups was assessed by cell-death detection kit that detects inter-nucleosomal degradation of genomic DNA during apoptosis ((mean ± SD) in (groups) control; 6.78 ± 2.69, in patients; 67.78 ± 1.06, in pre-treatment; 30.65 ± 6.05; and in post-treatment; 43.82 ± 10.39 (*P* ≤ 0.05). In this experiment, we observed increasing apoptosis rate in MS group in comparison with control group. Data showed 1,25(OH)~2~D3 pre-treatment and post-treatment prevented the induction of apoptosis by the serum of MS in HUVECs \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].

![Vitamin D increased cell viability in endothelial cells in Multiple sclerosis (MS) patients. Treatmentsinclude: (i) Healthy, (ii) patients (24 h), (iii) vitamin D (24 h) and sera from MS patient, (iv) sera from MS patient (24 h) and vitamin D (24 h). (a) By cell viability by MTS assay and (b) Apoptosis percent by cell-death detection kit. Superscript letter indicates significant difference (*P*≤0.05) from means labeled with a different letter as determined by one-way ANOVA analysis of three independent replicates](IJPVM-4-211-g001){#F1}

DISCUSSIONS {#sec1-4}
===========

Studies have been shown that Insufficient amounts of vitamin D in Human body is related toboth development and higher prevalence of wide ranges of immunity disorders including, MS, type 1 diabetes mellitus, Rheumatoid arthritis, Bechcet\'s disease, and inflammatory bowel diseases.\[[@ref26]\] Regards to previous literature, which stated the rate of ECs apoptosis raise when these cells exposed to MS serum.\[[@ref27]\] In current study, we found that the surveillance of ECs was noticeably increased when these cells were incubated with 1,25(OH)~2~D3 before treating them by sera from MS patients. Above all, this occurrence is observed in the absence of immune cells, expressing that releasing stable circulating factors during different stages of MS, may affect the cerebral vasculature independently of immune cell mediated effects. This protective effect of 1,25(OH)~2~D3 was associated with increased EC proliferation.\[[@ref23]\]

Disruption of the BBB, caused by CEC abnormality is a critical early stage, which is tolerant for the subsequent formation of demyelinating lesions, characterizing MS. Dysfunctional CECs then authorize the in-trafficking of inflammatory cells, which provokea persistent cascade of Th1 cytokines and chemokines within the CNS.\[[@ref16]\] On the basis of *in vitro* studies many stimuli can induceapoptosis in EC, suggestingthat CEC apoptosis is an important mechanism underlying CNS vascular injury that leads to weaken barrier, immune cell penetration of the CNS, inflammation, and coagulation.\[[@ref16]\] Furthermore, Vitamin D deficiency is associated with increased risk of MS.\[[@ref9]--[@ref14]\] Disruption of the BBB permitting transendothelial penetration of activated leukocytes into the CNS is among the earliest event seen in the brain in MS, which results from inflammatory interactions between activated immunocompetent cells with CECs, their associated astrocytes, neurons, and oligodendrocytes.\[[@ref28]\] Several recent studies have underlined vitamin D caused decrement in the rate of relapses inMS patients prevent the occurrence of the disease.

In the other hand, differentiation are arrested by vitamin D and maturation of populations of dendritic cells, T-cells, and B-cells, with increased production of interleukin (IL)-10 and reduced IL-12, resulting in attenuation of the immune response by suppressing dendritic cell development and inducing apoptosis of inflammatoryimmunecells.Vitamin D also decreases the concentration of the pro-inflammatory cytokine IL-17.\[[@ref26]\] Overall it could be concluded that not only vitamin D protect the ECs from apoptosis, also resulted in ECs surveillances.
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